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(5)  Process  for  the  preparation  of  hydroxyphenyt  hydantoin  and  of  hydroxyptMnyi  glycine,  and  compounds  thus  obtained. 

5-(a-Hydroxyphenyl)  hydantoin  of  formula  (I): 

is  prepared  by  reacting  phenol,  glyoxylic  acid  and  urea  in  the 
presence  of  an  acid  catalyst  in  an  aqueous  medium. 

The  hydantoin  may  be  hydrolysed  to  produce  the  amino 
acid,p-hydroxyphenylglycine,  preferably  to  the  D-amino  acid, 
either  by  selective  enzymatic  hydrolysis  and  subsequent 
chemical  hydrolysis,  or  by  alkaline  hydrolysis  and  subsequent 
resolution. 



T h i s   i n v e n t i o n   r e l a t e s   to   a  p r o c e s s   f o r   t h e   p r e p a r  

t i o n   o f   5 - ( p - h y d r o x y p h e n y l ) h y d a n t o i n ,   w h i c h   i s   a  u s e f u l  
i n t e r m e d i a t e   in   t h e   p r e p a r a t i o n   o f   p - h y d r o x y p h e n y l g l y c  

F o r   e x a m p l e ,   B r i t i s h   P a t e n t   No.  1 , 5 0 6 , 0 6 7   d e s c r i b e s   the 

p r e p a r a t i o n   o f   D ( - ) - N - c a r b a m o y l - p - h y d r o x y p h e n y l g l y c i n e  

t h e   c o r r e s p o n d i n g   a m i n o   a c i d ,   D ( - ) - p - h y d r o x y p h e n y l g l y c i  

by  s e l e c t i v e   e n z y m a t i c   h y d r o l y s i s   o f   D , L - 5 - ( p - h y d r o x y p  

h y d a n t o i n .   The   D ( - ) - p - h y d r o x y p h e n y l g l y c i n e   i s   u s e f u l  

an  i n t e r m e d i a t e   f o r   t h e   p r e p a r a t i o n   o f   t h e   p e n i c i l l i n e  

a m o x y c i l l i n .  

5 - ( p - H y d r o x y p h e n y l ) h y d a n t o i n   i s  k n o w n   f r o m   H a r v i l  

and   H e r b s t ,  

J . .  O r g .   C h e m .  V o l .   19,   1 9 4 4 ,   pp .   2 1 . -   3 0 . ,  

as   b e i n g   p r e p a r e d   by  h e a t i n g   p - h y d r o x y b e n z a l d e h y d e ,  

p o t a s s i u m   c y a n i d e   and   a m m o n i u m   c a r b o n a t e   i n   a q u e o u s   a  

h o l i c   s o l u t i o n .   The  d i s a d v a n t a g e   o f   t h i s   m e t h o d   f o r  

c o m m e r c i a l   p r o c e s s   i s  t h e   a v a i l a b i l i t y   and   c o s t   o f   t h e  

s t a r t i n g   m a t e r i a l ,   p - h y d r o x y b e n z a l d e h y d e .   The  p r e s e n t  

i n v e n t i o n   r e l a t e s   to   a  p r o c e s s   w h i c h   e m p l o y s   r e a d i l y  

l a b l e   and   e c o n o m i c a l   s t a r t i n g   m a t e r i a l s .  

A c c o r d i n g   to   t h e   p r e s e n t   i n v e n t i o n   t h e r e   i s   provpde 

a  p r o c e s s   f o r   t h e   p r e p a r a t i o n   o f   5 - ( p - h y d r o x y p h e n y l ) -  



h y d a n t o i n   o f   f o r m u l a   ( I ) :  

w h i c h   p r o c e s s   c o m p r i s e s   r e a c t i n g   p h e n o l   w i t h   g l y o x y l i c  

a c i d   and   u r e a   i n   t h e   p r e s e n c e   o f   an  a c i d   c a t a l y s t   in   a n  

a q u e o u s   m e d i u m .  

A l t h o u g h   t h e s e   t h r e e   r e a g e n t s   h a v e   b e e n   u s e d   i n  

v a r i o u s   c o m b i n a t i o n s   i n   t h e   p a s t ,   t h e   p r i o r   a r t   d o e s   n o t  

s u g g e s t   t h a t   t h e y   c a n _ b e   u s e d   to   p r o d u c e   c o m p o u n d   ( I )  

a b o v e .   In  f a c t ,   t h e   p r i o r   a r t   t e a c h e s   a w a y  f r o m   s u c h   a  

p r o c e s s .  

F o r   e x a m p l e ,   B e n - I s h a i   e t   a l  [ T e t r a h e d r o n ,   V o l . 3 3 ,  

1191   ( 1 9 7 7 ) ] d i s c l o s e s   t h a t ,   w h e r e a s   r e a c t i o n   o f   an  N - s u b -  

s t i t u t e d   u r e a ,   N H 2 . C O . N H C H 3 ,   w i t h   g l y o x y l i c   a c i d   c an   g i v e  

a  h y d a n t o i n   o f   f o r m u l a   ( I I ) :  

r e a c t i o n   o f   g l y o x y l i c   a c i d   ( o r   a  d e r i v a t i v e )   w i t h   u r e a   i t s e l f  

i n   m e t h a n o l   g i v e s   a  n o n - c y c l i c   c o m p o u n d   of   f o r m u l a   ( I I I ) :  



B r i t i s h   P a t e n t   No.  1 , 4 3 5 , 2 6 8 ,   in   t h e   name  o f  

S m i t h k l i n e   C o r p o r a t i o n ,   d i s c l o s e s   i n t e r   a l i a   t h e   p r e -  

p r e p a r a t i o n   o f   N - c a r b a m y l - 2 - ( p - h y d r o x y p h e n y l ) g l y c i n e   o f  

f o r m u l a   ( IV)   by  r e a c t i n g   p h e n o l   w i t h   g l y o x y l i c   a c i d   a n d  

u r e a ,   w i t h o u t   s o l v e n t .  

Ben  I s h a i   e t   a l   [ T e t r a h e d r o n ,   V o l .   33 ,   3261  ( 1 9 7 7 ) ]  

a l s o   d e s c r i b e s   t h e   p r e p a r a t i o n   o f   a  s u b s t i t u t e d  

N - c a r b a m y l - p - h y d r o x y p h e n y l g l y c i n e   o f   f o r m u l a   (V)  by  r e a c t i o n  

o f   p h e n o l   w i t h   a  s u b s t i t u t e d   u r e a - g l y o x y l i c   a c i d   a d d u c t  

o f   f o r m u l a   ( V I ) :  

N e i t h e r   t h i s   r e f e r e n c e   n o r   t h e   S m i t h k l i n e   p a t e n t  

s u g g e s t s   any   f o r m a t i o n   o f  h y d a n t o i n s .   I t   i s ,   t h e r e f o r e ,  

s u r p r i s i n g   t h a t   t h e   p r o c e s s   o f   t h e   p r e s e n t   i n v e n t i o n ,  

u s i n g   t h e   same  t h r e e   r e a g e n t s   as   t h e   S m i t h k l i n e   p a t e n t  

b u t   i n   a q u e o u s   m e d i a   and   i n   t h e   p r e s e n c e   o f   a c i d ,   p r o -  

d u c e s   t h e   h y d a n t o i n   o f   f o r m u l a   ( I ) .  



S u i t a b l e   a c i d   c a t a l y s t s   f o r   t h i s   p r o c e s s   i n c l u d e  

s u l p h u r i c   a c i d ,   h y d r o c h l o r i c   a c i d   and   h y d r o b r o m i c   a c i d ,  

o f   w h i c h   we  h a v e   f o u n d   h y d r o c h l o r i c   a c i d   to   be  t h e   m o s t  

s u i t a b l e .  

The  r e a c t i o n   i s   p r e f e r a b l y   c a r r i e d   o u t   i n   w a t e r   b u t  

w a t e r - m i s c i b l e   p o l a r   o r g a n i c   s o l v e n t s ,   s u c h   as   a c e t i c  

a c i d ,   may  be  a d d e d   to   t h e   r e a c t i o n   m e d i u m .  

The  r e a c t i o n   s h o u l d   be  c a r r i e d   o u t   a t   a  t e m p e r a t u r e  

i n   e x c e s s   o f   25°C  a n d   up  to   1 0 0 ° C .   A  s u i t a b l e   t e m p e r a -  

t u r e   r a n g e   f o r   t h i s   r e a c t i o n   i s   f r o m   3 0 ° - 5 0 ° C   and   a  p a r -  

t i c u l a r l y   c o n v e n i e n t   t e m p e r a t u r e   i s   f r o m   3 5 ° - 4 5 ° C .  

The  t i m e   f o r   w h i c h   t h e   r e a c t i o n   i s   a l l o w e d   to   p r o -  

c e e d   i s   d e p e n d e n t   on  t h e   q u a n t i t y   o f   c a t a l y s t   u s e d   a n d  

t h e   t e m p e r a t u r e   a t   w h i c h   t h e   r e a c t i o n   i s   p e r f o r m e d .  

A b o u t   20  h o u r s   i s   c o n v e n i e n t .  

I t   i s   p o s s i b l e   t o   c a r r y   o u t   t h e   p r o c e s s   o f   t h i s   i n v e n -  

t i o n   i n   two  s t a g e s ,   f o r   e x a m p l e ,   by  r e a c t i n g   u r e a   w i t h  

g l y o x y l i c   a c i d   f i r s t   a n d   t h e n   a d d i n g   p h e n o l .  

I t   i s   p r e f e r a b l e   t h a t   t h e   p h e n o l   i s   i n   e x c e s s   i n  

t h e   r e a c t i o n ,   a  s u i t a b l e   r a t i o   b e i n g   a p p r o x i m a t e l y   2  m o l e s  

o f  p h e n o l   to   1  m o l e   o f   g l y o x y l i c   a c i d .   The  u r e a   s h o u l d  

a l s o   be  p r e s e n t   in   a  p r o p o r t i o n   f r o m   1  t o   1 . 5   m o l e   p e r  

1  m o l e   o f   g l y o x y l i c   a c i d .  

N o r m a l l y ,   t h e   h y d a n t o i n   o f   f o r m u l a   ( I )   i s   p r e c i p i -  

t a t e d   d u r i n g   t h e   r e a c t i o n   and   c a n   be  f i l t e r e d ,  o f f .   A f t e r  

f i l t r a t i o n ,   t h e   h y d a n t o i n   may  be  w a s h e d   o r   r e s l u r r i e d   w i t h  

w a t e r   t o   r e m o v e   e x c e s s   p h e n o l .   In  t h e   p r o d u c t ,   when   t h e  

r e a c t i o n   i s   c a r r i e d   o u t   u s i n g   h y d r o c h l o r i c   a c i d   as   c a t a l y s t ,  

t h e r e   a r e   no  d e t e c t a b l e   q u a n t i t i e s   o f   t h e   N - c a r b a m y l -  

h y d r o x y p h e n y l g l y c i n e   o f   f o r m u l a   ( IV)   a b o v e .  

The  h y d a n t o i n   o f   f o r m u l a   ( I )   may  be  h y d r o l y s e d   t o   p r o -  

d u c e   p - h y d r o x y p h e n y l g l y c i n e .   One  m e t h o d   c o m p r i s e s   s e l e c t i v e  

e n z y m a t i c   h y d r o l y s i s   to   p r o d u c e   D - N - c a r b a m y l - p - h y d r o x y p h e n y l -  



g l y c i n e   and   s u b s e q u e n t   h y d r o l y s i s   to   D - ( - ) - p - h y d r o x y p h e n y l -  

g l y c i n e ,   f o r   e x a m p l e ,   as   d e s c r i b e d   i n   B r i t i s h   P a t e n t  

No.  1 , 5 0 6 , 0 6 7 .  

A l t e r n a t i v e l y ,   t h e   h y d a n t o i n   ( I )   may  be  h y d r o l y s e d   t o  

p r e p a r e   D L - p - h y d r o x y p h e n y l g l y c i n e ,   w h i c h   may  b e  r e s o l v e d  

by  known   m e t h o d s   to   y i e l d   t h e   D - a m i n o   a c i d .   One  s u c h  

r e s o l u t i o n   m e t h o d   i s   d i s c l o s e d   i n   B r i t i s h   P a t e n t   No.  1 , 3 1 8 , 2 1 6  

and   i n v o l v e s   t h e   u s e   o f   O , N - d i a c e t y l - p - h y d r o x y p h e n y l g l y c i n e .  

The  h y d r o l y s i s   o f   t h e   h y d a n t o i n   ( I )   may  be  c a r r i e d  

o u t   i n   t h e   p r e s e n c e   o f   a c i d   o r   a l k a l i .   An  a l k a l i n e   h y d r o -  

l y s i s   i s   p r e f e r r e d .   S u i t a b l e   b a s e s   f o r   t h e  h y d r o l y s i s  

r e a c t i o n   i n c l u d e   a l k a l i   m e t a l   h y d r o x i d e s   s u c h   as   s o d i u m  

a n d   p o t a s s i u m   h y d r o x i d e .   P r e f e r a b l y   t h e   h y d r o l y s i s   i s  

c a r r i e d   o u t   i n   w a t e r :   T h e   t e m p e r a t u r e   a t   w h i c h   t h e   h y d r o -  

l y s i s   r e a c t i o n   i s   c a r r i e d   o u t   s h o u l d   be  a t   a b o u t   t h e   r e f l u x  

t e m p e r a t u r e   o f   t h e   r e a c t i o n   m e d i u m .  

p - H y d r o x y p h e n y l g l y c i n e   p r e p a r e d   i n   t h i s   way  may  b e  

i s o l a t e d   d i r e c t l y   f r o m   t h e   r e a c t i o n   m e d i u m   by  known   m e t h o d s  

a n d   a c e t y l a t e d   i f   r e q u i r e d .   A l t e r n a t i v e l y ,   i t  m a y   be  c o n -  

v e r t e d   i n   s i t u   i n t o   O , N - d i a c e t y l - p - h y d r o x y p h e n y l g l y c i n e .  

E x c e s s   o f   b a s e  i n   t h e   r e a c t i o n   m e d i u m   i s   f i r s t   n e u t r a l i s e d  

a n d   an  a c e t y l a t i n g   a g e n t   i s   t h e n   a d d e d . .   S u i t a b l e   a c e t y l a t i n g  

a g e n t s   i n c l u d e   a c e t i c   a n h y d r i d e   and   a c e t y l  c h l o r i d e .  

The  f o l l o w i n g   e x a m p l e s   i l l u s t r a t e   t h e   p r o c e s s   o f   t h i s  

i n v e n t i o n .  



EXAMPLE  1 

P r e p a r a t i o n   o f   5 - ( p - h y d r o x y p h e n v l ) h y d a n t o i n  

A  m i x t u r e   o f   a q u e o u s   g l y o x y l i c   a c i d   ( 2 6 . 7   ml ,   0 . 2 7   m o l e ) ,  

u r e a   ( 1 6 . 2   g,  0 . 2 7   m o l e ) ,   p h e n o l   ( 5 0 . 7   g,  0 . 5 4   m o l e ) ,   c o n -  

c e n t r a t e d   s u l p h u r i c   a c i d   (4  ml)   a n d   w a t e r   (50  ml)   was  s t i r -  

r e d   and   h e a t e d   a t   50°C  f o r   2  d a y s .   The  r e a c t i o n   m i x t u r e  

was  c o o l e d   t o   room  t e m p e r a t u r e   and   s t i r r e d   f o r   30  m i n u t e s .  

T h e   s o l i d   w h i c h   h a d   f o r m e d   was  f i l t e r e d .  o f f ,   w a s h e d   w i t h   w a t e r  

(25  ml)  and   d r i e d   i n   a  f a n   o v e n   a t   40°C  ( 1 1 . 0   g,  m . p .   2 6 0 ° C  

d e c o m p . ) .   The  p r o d u c t   was  r e c r y s t a l l i s e d   f r o m   m e t h a n o l  

( m . p .   2 7 2 ° C   d e c o m p . ) .  

The  I R  s p e c t r u m   o f   t h e   p r o d u c t   was  i d e n t i c a l   w i t h   t h e  

s p e c t r u m   o f   a u t h e n t i c   p - h y d r o x y p h e n y l h y d a n t o i n .  
EXAMPLE  2 

P r e p a r a t i o n   o f   O , N - d i a c e t y l - p - h y d r o x y p h e n y l g l y c i n e  

A  m i x t u r e   o f   a q u e o u s   g l y o x y l i c   a c i d   ( 2 6 . 7   ml ,   0 . 2 7   m o l e ) ,  

u r e a   (18  g,  0 . 3   m o l e ) ,  p h e n o l  ( 5 0   g,  0 . 5 3   m o l e )   a n d   c o n -  

c e n t r a t e d   h y d r o c h l o r i c   a c i d   (50  ml ,   S . G .   1 . 1 8 )   was  s t i r r e d  
o  

a n d   h e a t e d   a t   40  C  f o r   20  h o u r s .   The   r e a c t i o n   m i x t u r e   w a s  

c o o l e d   t o   room  t e m p e r a t u r e   a n d   t h e   s o l i d   f i l t e r e d   o f f .   T h e  

f i l t e r   c a k e   was  w a s h e d   w i t h   w a t e r   (20  m l s )   and   t h e n  r e s l u r -  

r i e d   i n   w a t e r   ( 1 0 0   ml)   a t   4 0 ° C   f o r   30  m i n u t e s .   T h e   p r o d u c t  

was  f i l t e r e d   o f f ,   w a s h e d   w i t h   w a t e r   (25  m l s )   and   d r i e d   i n   a  

f a n   o v e n   a t   4 0 ° C   to   y i e l d   an  o f f - w h i t e   p o w d e r   ( 2 3 . 5   g ,  

m . p .   2 1 1 - 2 1 2 ° C ) .  

The  p r o d u c t   ( 2 3 . 5  g )   was  h e a t e d   u n d e r   r e f l u x   i n   20%  w / w  

s o d i u m   h y d r o x i d e   s o l u t i o n .   ( 235   g)  f o r   21  h o u r s .   D u r i n g   t h e  

l a s t   2  h o u r s   o f   t h e   r e f l u x ,   a i r   was  b u b b l e d   t h r o u g h   t h e   r e a c -  

t i o n   m i x t u r e .   The  m i x t u r e   was  c o o l e d   to   room  t e m p e r a t u r e  

a n d  w a t e r   (40  ml)   was   a d d e d   w i t h   s t i r r i n g .   The  pH  o f   t h e  

s o l u t i o n   was   a d j u s t e d   to   8  w i t h   c o n c e n t r a t e d   h y d r o c h l o r i c  



a c i d   and   t h e n   a c e t i c   a n h y d r i d e   (18  ml)   was  a d d e d .   D u r i n g  
t h e   a d d i t i o n   t h e   t e m p e r a t u r e   was  m a i n t a i n e d   a t   20°C  w i t h  

c o o l i n g   and   t h e   pH  a t   8  by  s u i t a b l e   a d d i t i o n   o f   50%  w / v  
s o d i u m   h y d r o x i d e   s o l u t i o n .   A f t e r   t h e   a c e t i c   a n h y d r i d e   h a d  
b e e n   a d d e d   t h e   m i x t u r e   was  s t i r r e d   a t   pH  8  f o r   1  h o u r   a n d  

t h e n   t h e   pH  was  l o w e r e d   to   1  w i t h   c o n c e n t r a t e d   h y d r o c h l o r i c  
a c i d .   The  m i x t u r e   was  s t i r r e d   f o r   1  h o u r   a t   10°C  and   t h e  

p r o d u c t   f i l t e r e d   o f f ,   w a s h e d   w i t h   w a t e r   (30  ml)   and   d r i e d  

in   t h e  f a n   o v e n   a t   4 0  C   to   y i e l d   an  o f f - w h i t e  p o w d e r   (23  g ,  

m . p .   2 0 7 ° C )   Eq.   Wt.  2 4 8 .  

The  IR  s p e c t r u m   o f   t h e   p r o d u c t   was   i d e n t i c a l   t o   t h a t  

o b t a i n e d   f r o m   an  a u t h e n t i c   s a m p l e   o f   O , N - d i a c e t y l - p -  

h y d r o x y p h e n y l g l y c i n e .  

EXAMPLE  3  

P r e p a r a t i o n   o f   p - h y d r o x y p h e n y l g l y c i n e  

A  m i x t u r e   o f   a q u e o u s   g l y o x y l i c   a c i d   ( 2 6 . 7   ml ,   0 . 2 7   m o l e ) ,  

u r e a   (20  g,  0 . 3 3   m o l e ) ,   p h e n o l   (45  g,  0 . 4 8   m o l e )   and   48%. 

h y d r o b r o m i c   a c i d   (50  ml)   was  s t i r r e d   and   h e a t e d   a t   40°C  f o r  

18  h o u r s .   The  r e a c t i o n   m i x t u r e   was  c o o l e d   to   room  t e m p e r a -  

t u r e   a n d   t h e   p r o d u c t   f i l t e r e d   o f f .   The   p r o d u c t   was  w a s h e d  

w i t h   w a t e r   (20  ml)   and   t h e n   r e s l u r r i e d   i n   w a t e r   ( 1 0 0   ml)   a t  
40°C   f o r   1  h o u r .   The  p r o d u c t   was  f i l t e r e d   o f f   and   w a s h e d  

w i t h   w a t e r   ( 3 x 2 5   ml)   and   d r i e d   i n   a  f a n   o v e n   a t   4 0 ° C  

( 1 3 . 6   g,  m . p .   2 6 3 - 2 6 5 ° C ) .  

The  p r o d u c t   ( 1 3 . 6   g)  was   h y d r o l y s e d   a c c o r d i n g   to   t h e  

m e t h o d   g i v e n   i n   e x a m p l e   2.  A f t e r   c o o l i n g   to   room  t e m p e r a -  

t u r e ,   w a t e r   (40  ml)   was  a d d e d   t o   t h e   s t i r r e d   r e a c t i o n   m i x -  

t u r e   and   t h e   pH  a d j u s t e d   to   4 . 6   w i t h   c o n c e n t r a t e d   h y d r o c h l o r i c  

a c i d .   The  r e a c t i o n   m i x t u r e   was  s t i r r e d   f o r   1  h o u r   a t   1 0 ° C  

a n d   t h e   p r o d u c t   was   f i l t e r e d   o f f ,   w a s h e d   w i t h   w a t e r   (10  m l )  



a n d   t h e n   w i t h   a c e t o n e   (25  m l ) .   The  w h i t e   c r y s t a l l i n e   p r o -  
d u c t   was  d r i e d   i n   a  f a n   o v e n   a t   40°C   ( 8 . 8   g,  m . p .   2 2 0 - 2 2 3 ° C ) .  

The  IR  s p e c t r u m   o f  t h e   p r o d u c t   w a s  i d e n t i c a l   w i t h   t h a t  

o b t a i n e d   f r o m   a  s a m p l e   o f   a u t h e n t i c   p - h y d r o x y p h e n y l g l y c i n e .  

EXAMPLE  4  

P r e p a r a t i o n   o f   5 - ( p - h y d r o x y p h e n y l ) h y d a n t o i n  

A  m i x t u r e   o f   a q u e o u s   g l y o x y l i c   a c i d   ( 2 6 . 7   m l ,   0 . 2 7   m o l e ) ,  

u r e a   (20   g,  0 . 3 3   m o l e ) ,   p h e n o l   (45  g,  0 . 4 8   m o l e )   and   c o n -  

c e n t r a t e d   h y d r o c h l o r i c   a c i d   (50   ml ,   S . G .   1 . 1 8 )   was   s t i r r e d  

a t   room  t e m p e r a t u r e   f o r   3  h o u r s   a n d   t h e n   a t   50°C  f o r   20  h o u r s .  

The  r e a c t i o n   m i x t u r e   was   c o o l e d   to   room  t e m p e r a t u r e   and   t h e  

p r o d u c t   f i l t e r e d   o f f .   The  p r o d u c t   w a s  r e s l u r r i e d   i n   w a t e r  

( 1 5 0   ml )   a t   4 0 ° C   f o r   1  h o u r   a n d   t h e n   f i l t e r e d   o f f ,   w a s h e d  

w i t h   w a t e r   ( 3 x 2 5   ml)   a n d   d r i e d   i n   a  f a n   o v e n   a t   4 0 ° C  

( 2 3 . 2   g,  m . p .   2 3 4 - 2 3 5 0 C ) .  

EXAMPLE  5  

P r e p a r a t i o n   o f   5 - ( p - h y d r o x y p h e n y l ) h y d a n t o i n  

A  m i x t u r e  o f   a q u e o u s   g l y o x y l i c   a c i d   ( 2 6 . 7   ml ,   0 . 2 7   m o l e ) ,  

u r e a   ( 1 6 . 2  g ,   0 . 2 7   m o l e ) ,   p h e n o l   (50  g,  0 . 5 3  m o l e )   and   c o n -  

c e n t r a t e d   h y d r o c h l o r i c   a c i d   (75  ml ,   S . G .   1 . 8 )   was  s t i r r e d  

and   h e a t e d   a t  4 0  C   f o r   20  h o u r s .   The  r e a c t i o n   m i x t u r e   w a s  

c o o l e d   to   room  t e m p e r a t u r e ,   t h e   p r o d u c t   f i l t e r e d   o f f   a n d  

w a s h e d   w i t h   w a t e r   (10  m l ) .   The  p r o d u c t   was  r e s l u r r i e d   i n  

w a t e r   ( 1 0 0   ml)   a t   40°C   f o r   30  m i n u t e s ,  f i l t e r e d   o f f   a n d  

w a s h e d   w i t h   w a t e r   (25  ml )   and   d r i e d   i n   a  f a n   o v e n   a t   4 0 ° C  

( 2 1 . 6   g,  m . p .   2 4 3 - 2 4 5 ° C ) .  



1.  A  p r o c e s s   f o r   t h e   p r e p a r a t i o n   o f   5 - ( p - h y d r o x y p h e n y l ) -  

h y d a n t o i n   o f   f o r m u l a   ( I ) :  

w h i c h   p r o c e s s   c o m p r i s e s   r e a c t i n g   p h e n o l   w i t h   g l y o x y l i c   a c i d  

and   u r e a   i n   t h e   p r e s e n c e   o f   an  a c i d   c a t a l y s t   i n   an  a q u e o u s  
m e d i u m .  

2.  A  p r o c e s s   as   c l a i m e d   i n   c l a i m   1  w h e r e i n   t h e   a c i d   c a t a -  

l y s t   i s   h y d r o c h l o r i c   a c i d .  

3.  A  p r o c e s s   as   c l a i m e d   i n   e i t h e r   c l a i m   1  o r   c l a i m   2  

w h e r e i n   an  e x c e s s   o f   p h e n o l   i s   e m p l o y e d .  

4.  A  p r o c e s s   as   c l a i m e d   i n   c l a i m   1  w h e r e i n   t h e   h y d a n t o i n  

o f   f o r m u l a   ( I )   i s   s u b s e q u e n t l y   h y d r o l y s e d   to   p r o d u c e  

p - h y d r o x y p h e n y l g l y c i n e .  

5.  A  p r o c e s s   as   c l a i m e d   i n   c l a i m   4  w h i c h   c o m p r i s e s   s e l e c -  

t i v e   e n z y m a t i c   h y d r o l y s i s   to   p r o d u c e   D - N - c a r b a m y l - p - h y d r o x y -  

p h e n y l g l y c i n e ;   a n d  s u b s e q u e n t   h y d r o l y s i s   to   D - ( - ) - p - h y d r o x y -  

p h e n y l g l y c i n e .  

6.  A  p r o c e s s   as   c l a i m e d   i n   c l a i m   4  w h e r e i n   t h e   h y d a n t o i n  

of   f o r m u l a   ( I )   i s   h y d r o l y s e d   i n   t h e   p r e s e n c e   o f   a  b a s e   t o  

g i v e   D L - p - h y d r o x y p h e n y l g l y c i n e ;   a n d   o p t i o n a l l y   s u b s e q u e n t l y  

a c e t y l a t e d   to   p r o d u c e   D , L - O , N - d i a c e t y l - p - h y d r o x y p h e n y l g l y c i n e :  



7.  A  p r o c e s s   as  c l a i m e d  i n   c l a i m   1  s u b s t a n t i a l l y   a s  

d s s c r i b e d   in   a n y  o n e   o f   e x a m p l e s   1  to   5 .  

8.  5 - ( p - H y d r o x y p h e n y l ) h y d a n t o i n   w h e n e v e r   p r e p a r e d   by  a  

p r o c e s s   as   c l a i m e d   i n   a n y  o n e   o f   c l a i m s   1  to   3  or   7 .  

9 .   p - H y d r o x y p h e n y l g l y c i n e   w h e n e v e r   p r e p a r e d   b y  a   p r o c e s s  

as   c l a i m e d   i n   a n y  o n e   o f   c l a i m s   4  to   6 .  
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